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3 UNITED STATES PROVISIONAL PATENT APPUC ATION 



FOR 



DEVICE, SYSTEM A1«D METHOD FOR ACCELERATED MODFXJNG 



BACKGROUND OF THE INVENTION 

The Informatioii Teclmology (IT) world is shifting to model dtiven approach and related 
tecbnologies, which allow delivermg agile hut rohust reusable assets, in a manageable foim, wilh 
reuse of botii know-how and tangible arti&cts» in a short thnefirame and with minimal costs and 
risks. 

This trend got further advance both in adoption by main software vendors and in standardization 
process led by OMG, W3C and other standardization consortiums. Such standards as Unified 
Modeling Language (UML), Meta Object Facility (MOF), Common Warehouse Metamodel 
(CWM), and Model Driven Architecture (MDA) are now adopted and supported by the leadiag 
software development suites and IT organizations worldwide. 

These industry standards bxing a dilemma of aligning of universal and business specific aspects 
through development process. Standards by nature express the common industry terms which 
ensure a tmified modeling foundation for substantially all participating organizations and thus 
serve as a basis for unifying methodology as well as an enabler for business^to-busiuess 
interoperability. On the other hand, a common modeling language - UML - by de&iition cannot 
be else but too wide, too common, and too abstract to be usable directly in any domain specific 
area. In contrast to standards* nature, each business entity may have its own language both in 
operational activities and in supporting technology raJfrastmcture. Thus there is a need to adopt 
and customize common modeling languages and modeling tools to be able to answer specific 
business needs in appropriate terms and on appropriate level of abstraction. 
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DETAILED DESCRIPTION OF THE INVENTION 

m the foUowing detmled description, nximerous specific details are set forth in order to provide a 
thorough understanding of the invention. However, it will be understood by those of ordmary 
skill in the art that the invention may be practiced without these specific details. In other 
instances, well-known methods, procedures, components, units and/or circuits have not been 
described in detail so as not to obscure flie invention. 



TVretaphor «iiil«ler Suite 

Metaphor Builder (MB) Suite introduces, for example, creation and usage of UML-based 
customizable Domain Specific Languages (DSL) on the top of existing modeling standards and 
leading tools. Such an approach provides flexible meta driven sohxtions for the whole IT 
development process ftom requirements through deployment and operation. MB generates 
domain specific profiles for &e underlying UML tools which then control and guide flie 
development process, providing automatic geaeration of tangftle artifects firom hagh level 
technology mdependent models, as well as automatic creation of meta data databases holding flie 
generated assets in terms of customized language. Metaphor Builder SuitB provides enterprises 
an e^ve enabler and accelerator of industry adopted standards, existing tools, and cost-savxng 
automatioii approaclies. 

It is noted that a part of the discussion herdn relates, for exemplary purposes, for UML-based 
modeling or models. However, flie present invention is not limited in tins regard, and 
embodiments of the invention may be used in conjunction with various other suitable types of 
models, modeling, modeling languages, modeling environments, or modeling tools. 

It is noted that the term "domain" is used here in its general sense: domain may refer, for 
example, to a broad set of problem areas such as banking appUcations. or manufectuiing 
appUcati'ons, or to technologies such as the domain of J2EE appUcations. or it may refer to 
narrow areas of focus such as the security aspects of an application, or the CBD based 
development. 
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Jn accordance with some embodiments of the invention, language customization may be flexible, 
agile oriented for non-programmers and based on standards and modeling tools. Itmayprovxde 
reuse and further specialization of language resources. Hxe Metaphor Bnilder Suite allows, for 
example, implementing declarative, zero code, flexible and agile process of UML specialization. 
The Metaphor Builder Suite may allow various other additional or alternate benefits. 

m accordance with some embodiments of the mvention. Metaphor Builder Suite (MB) may 
include, for example, a modeling accelerator based on midcrlying concepts behmd the OMG's 
Model Driven Architecture (MDA) standard. Embodiments of the mvention may comply with 
the industry's leading standards and may operate as one or more additional layers on top of the 
sector's existmg modeling tools. In some embodiments. MB allows modelers to define then: 
domain specific modeling language and to apply it during the modeling process and/or durmg the 
automatic application generation process. 

M some embodiments, MB may implement its functionaHty using an MDA compliant 
Ughtweight specialization of the modeling language. In order to express substantially all the 
required domain specific terms and regulations, in one embodiment. MB may use only, or at 
least, the accepted standard language notations: Unified Modeling Language (UML) and Object 
Constraint Language (OCL). In some embodiments, MB provides and manages mteiopembdrty 
between existmg modeling tools, and the MDA compatible generating tools that use tiie results 
of the modeling process. 

In one embodiment. MB may mclude three high level components, for exanqile: Language 
Builder Language Rimtime. and Language Metadata Database. These componente. in torn, may 
utilize 1 set of universal, metadata driven conq»onents of Metaphor Frameworic, for example: 
Properties Inspector. Configuration Manager, Validation Manager, Process Mentor. Constramts 
Parser, Generator, Documenter, etc. 

MB may treat a Domain Specific Language as a composite entity, able to encapsulate other 
existmg languages, and to be encapsulated itself. Tbe fim set of language definitions may 
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include, for example, domain data types and temis, their properties and relationships, domain 
specific operations, constraints, behavioral patterns, definitions of recommended modeling 
process, as well as rules for model validation, transformation, querying, etc. 



B^evbral (Dynamfc:} 
Aspects Of Language 



|i\l^ii8U%iilnfiBi 



04HMHMMMNHM U>i> 



le'me / 



Structurat (StaOc) Aspects 
Of Language 



Fig. 1 . Structure of Donoain Specific Language in accordance with an exemplary embodiment 
of the invention 
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Exemplary Component Based Framework 




tanguageBuHdar LanguageRuntlme LangiageMetadataDatabase 




ActtonEdttor CdnstralntEdttor ConfiQuratlgnManager 




AcUonExecutor ConstiafntParser ValldatlonManager Prppertylnspector ModelMsiger 




(mpactAnalyzer Estimator PiocessMentor ModelTransfbrmer 




ExtemalAdapter Osneiator Documenter 

Fig. 2. Components of Metaphor Builder Suite in accordance with an exemplary embodiment of 
the invention 
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Component Ij 

Action Editor 1 ' 

1 ( 


description -r-- j 

A.ction Editor may include a nniversal, metadata onven 

component wHch supports definitions of actions - pieces of 
additional fimctionality described in the terms of domain specific 

language. Actions may be available at modeling time via extended 

menus and may allow the modeler, fer example: 

- to perform customized CRUDL (Create, Itead. Update, Delete, 

List) operations; | 

- to query the model and to obtain on-line reports; 1 

- to create views as pre-defined UML diagrams. 

Action definition may include action type (what), initial language 
tenn (from), resulting language terms (to), as well as filtering 
criteria and specification of outputs. 1 


Action Execator 


1 Action Executor may include a universal, metadata driven 
component responsible for providing a custom actions menu and 
for executing actions, as defined in the language: 

r-iKitomized CRUDL (Create, Read, Update, Delete, List) 

1 operations; j 
- querying of entities according to defined criteria 

^ referencmg of relationshq)S and reporting of linked entities; 
1 - automatic diagram building. 


Configuration Manager 


Configuration Manager may be responsible for activation of tbe 
Metaphor Builder runtime environment, for exanqile: loading of 
language definitions and setting of preferences. ^ 
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Component 



Constraint Editor 



Constraint Parser 



Documenter 



Estimator 



I Pe scription — ^ * " 

Constraint Editor may include a universal, metadata dnven 

component which aUows definition of constraints for substantiaUy 

all the entities of the language nndra: construction (language 

constraints), and for the model elements themselves (model 

constraints). Language Constraints may populate once-defined 

I regulations for substantially all models vsrhich use the language. 

whereas Model Constraints may be used to refine existing 

regulations for a particular model element. 

I Constraint Editor aflows constraint definitions for substantially all 
types of language entities - data types, terms, relationships, 
transformation schemas. process definitions, etc. Constraint 
Editor may support definitions, for example, in terms of Ihe 
custom language itself, and may automatically translate Iheminto 
standard OCL form, which refers to UML's own meta model. 



Constraint Parser may include a universal, metadata driven 
component which provides parsing of OCL expressions defining 
domaia specific rules and regulations. 



Documenter may include a universal model driven generator, 
which may be intended for automatic creation of documents 
reflecting tije model content and statiis: reports, proposals, and 
similar. 



Estimator is a universal model driven generator performing 
automatic estimations of costs, resources and risks. It utilizes 
Estimation Scheme, wHch is a generally included part of any 

Domain Specific Language. 
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Component 


Description 


External Adapter 


External Adapter may include a universal, metadata driven 
component which may integrate Metaphor Suite with third party 
MDA con:^)Uant generators, automatically providing them with 
one or more inputs, for example: 

- definitions of architecturally significant parts of the language 
(That is. Specification); 

- the tagged model itself (That is. Mapping). 

Using these inputs, MDA compliant generators may focus on the 
generation process, based on the •'mapped" UML model. The 
process may result in different types of tangible artifacts such as, 
for example, codes, scripts, help files, installed procedures, etc. 


Generator 


Generator may include a universal, metadata driven component 
which performs MDA compliant generation process, i.e. automatic 
building of tangible artifacts firom the model entities. A purpose of 
the built**ia Generator is to support fhe transitiou from language 
definition to language supported modeling, for exan:q}le: 

- generation of language definitions in XML £:om the language 
meta model; 

- generation of Language related profile installation scripts for a 
predefined set of generic modeling tools; 

- generation of initialization and upgrade DDL scripts for the MOF 
compliant repository of language definitions. 


Impact Analyzer 


Impact Analyzer may include a universal model driven generator 
performing automatic impact analysis on the model under 
construction. It may use Impact Analysis Scheme which may be a 
part of Domain Specific Language. 
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1 Component J 

Model Merger 1 

I ( 


3escription ■ , ^ — -7^ 

Viodel Merger may mcluae a nmversai, meiaadia utivcui 

somponent responsible for: 

- merging of models; 

. upgrading of a model if changes in modeling language have 
occurred. 

Model Merger may use Merge Scheme which may be a regular 
part of Domain Specific Language. 


1 Model Transfoimer 


Model Transformer may include a umversal, metadata driven 
compomrait responsible for intra- model ano moaei to mwnot 
ttansfoimations: 

r automatic model expanding using language rules and defaults; 
- automatic model-to-model transformations based on 
transformation schemas (part of the language definitions). 
It may use Transformation Schemas defined, for example, as a part 
of Domain Specific Language. 


1 Process Mentor 


Process Mentor may mclude a universal, metadata driven 
component which incarnates modeling flow definitions, as defined 
in the language, at modelmg time ana may proviac w , 
for example: 

- step-by-step wizards, 

- next activities prompts; 

- estimation of modeling progress; 

- phase SCTsitive helps; 

- methodology guiding. 


Property Inspector 

/■ 


" ""Property Inspector may include a universal, metadata driven 
component which allows viewmg and editing of extended model 
elements' properties according to definitions made in the 
language. 
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Description 



Component 

Validatioxi Manager 



vSdatkaTMaiiagpr may include a universal, metadata driven 
component which evahiates constraints definitions as defined in 
the language, to ensure the model validity. VaUdation Manager 
provides, for example, online reporting of inconsistencies, 
warnings and errors with back referencing to invaUd elements. 



Ti^iremTilarY Process 

Metaphor Builder Suit« may enable and support a MDA compliant process of model-driven 
development from initial requirements and up to working solution, for exan^le. based «m 
defining and utilizing of domain specific modeling language which expresses domain specific 
terms, regulations and processes, and provides an abstraction able to orchestrate appKcadon 
development: 

(1) A Methodologist defines domain specific modeling language, for example: composes 
available language recourses (previously defined languages) as well as refines, expands and 
changes language definitions. The iterative process results in. for example, a substantiaUy full set 
of language definitions, answering organization or domain needs or objectives. 

(2) Methodologist populates language definitians, defined in paragraph (1). to specialize a 
modeling tool (UML profiles), and to organize a storage for domain specific model entities 
(metadata database initialization scripts), 

(3) An Architect defines and assemblies a framework of universal metadata driven components 
to be a foundation for any solutioii able to answer domain specific needs or objectives as 
specified in paragraph (1). 

(4) Architect prepares domain specific generation templates aUowing automatic transformation 
of the models based on domain specific language, defined in paragraph (1). into tangible 
appUcation artifacts utilizing a fiamework, defined in paragraph (3) 
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(5) A Modeler creates models in the terms and by the process defined in domain specific 
language, built in paragraph (1), using modeling tool specialization, pro^dded by paragraph (2). 

(6) Modeler translates domain specific model artifacts, created in paragraph (5) into tangible 
appUcation artifacts, using domain specific generation templates, built in paragraph (4) and 
definitions of universal metadata driven componeats. available firan paragraph (3). 

(7) Modeler populates domain specific model artifacts, created in paragraph (5). to be available 
as metadata database initialized in paragraph (2). 

(8) Working ^plication, built in paragraph (6) using generation templates defined in paragraph 
(4) and utilizing univeraal metadata driven conq,onents defined in paragraph (3). may access 
metadata, created in paragraph C7) and located hi metadata database initiahzed in paragraph (2) 

. which lepresents model elements, created m paragraph (5) using specialized modehng 
erwiromnent available from paragraph (2). in the terms and by the process of domain specific 
laxiguage defined in paragraph (1). This may allow, for example, to achieve quahty of 
specialized solutions on the top and with cost of generic components. 
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Fig. 3. Metaphor Builder MDA Compliant Process in accordance with an exemplary 
embodiment of the invention 



Exemplary System 

la some embodiments, a system may include^ for example, one or more modeling stations, and 
one or more metadata database servers. 

In some embodiments, a modeling station may include, for example, a desktop computer, a 
mobile computer, a laptop computer, a notebook computer, a Personal Digital Assistant (PDA) 
device, a tablet computer, a server computer, a network, or other suitable computing platform or 
computing station. 
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m one embodteent, for example, a modeling station may inclnde at least the followg 
configuration: W Pentium IV processor; 30 GigaByte hard disk drive; 256 or 640 MegaByte 
Random Access Memory; Lin^ operating system or Microsoft Windows operating system, e.g.. 
Windows 2000 Workstation or higher. 

m some embodiments, a metadata database server may include, for exanq>le, a deaktop 
computer, a mobile computer, a laptop computer, a notebook ccnnputer. a PDA device, a tablet 
computer, a server computer, a network, or other suitable computiBg platfonn or con^utmg 
station. 

M one embodiment, for example, a metadata database server may include at least flie following 
configuration: Intel Pentium IV processor; 80 GigaByte hard disk drive; 512 or 640 MegaByte 
Random Access Meonory; Linux operating system or IVficrosoft Windows operating system, e.g.. 
Windows 2000 Server or higiher. 



OHier 



suitable hardware components and/or software conqionents may be used. 
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Language Tliiilder 

m accardaBce vdth some embodiments of the mvention. an exemplary Language Builder may 
include an MDA compliant meta-modeling tool that aUows definition of domain specific 
modeling languages in the form of Ught-weight UML specialization. Language Builder defines 
languages as regular UML models (meta models), using generic modeling tools. To support meta 
modeling specific fonctionality. Language Builder may use a specially designed UML Meta 
Modeling profile, which in conjunction with corresponding pre-buflt constraints, rules, and data 
types may constitute a meta modeling language available within Language Builder installation. 

Language Builder may treat a language as a composite entily, which is able to encapsulate other 
existing languages, and to be encapsulated itself. The fhll set of language definitions may 
mclude. for example, domain data types and t«rms, their properties and relationships, domam 
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specific operations, constraints, behavioral patterns, definitions of recommended modeling 
process, as well as rales for model vaUdation. transformation, querying, etc. 

Language Builder allows strong properties typing, including pre-built extended sets of data 
types, values lists (static lookups), and model elements referencing (dynamic lodkxxps). The 
strong typing may be supplemented by modeling time presentation and editing accessories, as 
well as by semantic properties grouping. 

Language Builder produces, for example, a Domain Specific UML based Language, which 
encapsulates substantially all Ihe definitions made at the meta modeling stage to be utilized at 
modeling time. These definitions may be used to airport domain specific modeling and to be 
translated into metadata database definitions. 



T>ftfiiie T^anguage 

m accordance with some embodiments of the invention, an exemplary Use Case may describe 
the process of Language Definition, including composition fixan existing language resources 
^th additional specialization if desired, defining of substantially all types of language elements, 
and building of output language rqaresentations. 
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DelineLjanguageActivfty 




invention 
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In some embodiments, substantially each language may include a UML model describing 
domain terms, their relationships, constraints, permitted operations and recommended flow. 

The language definition process may be controlled by a pre-defined meta modeling language, 
which may have its own terms (for example, "entity as class", "link as association", etc-X 
constraints (for example, "the term has one and only one UML-mapping stereotype", etc.), 
validation rules (for example, "no isolated terms", "only precise dejSnitions etc.), actions, 
recommended flow, etc. In one embodiment, this meta modeling language may be, for example, 
hard coded and incarnated in the meta modeling process by fbs pre-built UML profile. 



A language may optionally include other languages as stereotyped packages. Newly created 
entities may be interlinked, for example, with those that have come from imported languages. 



Activity 


Description 


Configure Operational 
Enviromnent 


Results in definitions of settings, directories, de&ults, etc. 


Define Language 
Elements 


Describes repeatable actions of defining of data types and 
enumerations, language terms, relationships, constraints, rules, 
actions, recommended process flow, as well as language-level info. 
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Activity 


Descripdon 


Discover Existing 
Languages 


Allows inquiry process to select and adopt existing languages to be 
imported into newly defined one. 

Metaphor Builder may include, for example, one or more predefined 
languages which can be integrated into a domain specific language 
that is under construction to allow additional functionality and 
behavior - CBD-style organization, testing and similar. Once a 
language has been included into a language under consideration, it 
may be open or fully open to customizatiQnu 
In addition^ an existing custom language created by MB can be 
composed into a newly created domain specific language. 
Substantially each language is stored in a principal external format, 
as an XML file according to specially designed XML schema. There 
may be a part of language definition that allows self-explanation to 
support the inquiry process: language name, version, author, 
description, domain the language belongs to, list of main terms, etc. 
The activity results in, for example, one or more existing languages 
selected to be foundation for the language under constmction. 


Generate Language 
XML 


Saves language .definitions in the principal external format — for 
example, as an XML file according to specially designed XML 
schema - Metaphor Builder Schema. Such XML includes 
substantially all language definitions and serves as the main 
language exchange unit, for example, to enable language based 
modeling, to allow composing of this language into newly created 
one, to load language definitions into MOF repository and so on. 
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Activity 
Generate MOF 
Repository 


Description 

r-'^^o+fiio i*t+Vif:»r initial *5crints or alters existing scripts for database 
structures of MOF compUant language repository - Metaphor 
Language Metadata Database. In this way. meta structures of the 
language may be transformed into repository structures. Populatmg 
of the database itself, i.e. language dejBnition entities, can be 
performed, for exanqile. by loading of language XML ffles into 
prepared database tables. 


Generate Specification 

Generate UML Proffle 
Install 


Generates language related documentation, usmg (or combmmg) 

existing standards, for example: HLTNT. RAS, etc. 

Builds installation scripts of UML profiles for the selected target 
modeling tool (Rational Rose, Rational XDE, etc) . The language 
t— «»,«i.,i<itf>/i *n rme or moTB UML OTofiles. Note that profile 
information does not necessarily include full language definitions, 
but represents, for example, a subset of language definitions which 
can be recognized directiy by fee target modeling tool. The rest of 
4^uo ta«,niacri> iii>finitinTi<; recoenizable by Metaphor Language 
Runtime, may come, for example, fixjm language definition XML 
file. 


Import Other Language 
Defi3Qitions 


Imports existing languages, for Ihe first time and/or m upgrade 
mode, into new language definitions. 

Substantially every imported language becomes to be package with 
stereotype "Language" inside the new language meta model. 


Load Language 


Loads previously saved definitions of the language under 
1 construction. 
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Activity 


Description 


Mentor Language 
Building Process 


A language optionaUy contains a process flow definition which 
describes main modeling activities and corresponding objects of lie 
language terms (modeling artifacts). Such definition is carried out, 
for example, with a standard activity diagram wifli or vwthout 
embedded sub-diagrams and associated objects. To achieve a 
desired level of precision, special stereotypes for activities, objects 
and transitions may be used, providing additional fields such as 
mandatory requirement, comments, links to particular help topics, 

etc. 

The definitions described above may allow, fat exan^le, 

customized process mentoring: step-by-step wizards, next step 

prompts, estfanatioii of modeling progress, workmg point sensitive 

. -n A 4.1.000 AiBi^nifinTiQ n Tnentor is able to guide the 
help, etc. Reflecting these aeraiiuons, a mcmuA lo au^w * e 

modeling process in substantially aU its phases and activities. 

I^anguage Builder itself may work under language definitions of a 

predefined Language Definition language. Therefore it may benefit 

from substantially all the inherent capabilities and types of support, 

. including, for example, meta-modeling time mentoring. Mentoring 

of Language Bmlding affects substantially all activities involved. 


Validate Customer 
Language 


" Checks language definitions to ensure, for example, its well 
formedness: completeness, inter-linkage, etc. The well-formedness 
rules may be defined as declarative entities inside pre-defined meta 
modeling language. 
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Define Language Element 

In accordance with some embodiments of the mvention, an exemplary Use Case enables 
definition of language elements, for example: info, data type, term, relationship, constraint, 
action, etc., as well as refinement of imported language resources and their linking with newly 
created entities. 



fMlhB LBfiguaB' Etamant 




Fig. 6. Define Language Element Activity Diagram in accordance with an exemplary 
embodiment of the invention 
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Activity | 


Description 


Define Action 1 


This activity defines, for example, custom Actions to be executed on 
i«««rr,^orY«» i-^rmc nnH relationshios: oueries, links referencing, 
automatic diagram building and customized CRUDL (Create, Read, 
Update, Delete. List) operations. These definitions allow the 
invocation of custom domain ^ecific ftmctionaUiy at modeling 
time. 


Define Behavioral j 
Scheme I 


This activity defines, for exanqjle. Behavioral Scheme aUowmg 
domain specific estimations, merging of models and impact analysis 
at modeling time. 


Define Constraint 1 


in.je a^*i-%n*%r rli»-fiTi<»<!! for examole. constraints for any type of 
language «itily. Constraint definition may be based on standard 
OCL notation containing three layers: pre-condition, post-condition 
and invariant. The activity deals, for example, with elementary 
/./xTietraintQ related to oarticular language element, and/or con^osite 
constraints, defining validity of the language subset as a whole. 
These definitions constitute a base for model vaHdation, and a part 
rx-pfins* •rirof***^*! Tnentoruiff. atmodelins time. 


Define Data Type 


This activity defines, for example, language specific data types, 
primitive or composite datatype, enumeration, or reference. These 
data types are used in definitions of language terms and their 
properties. 


Define Language Info 


This activity fills pre-defined language info information, for 
example: GUID, description, version, author, copyright, etc. 
1 Language Info allows languages inquiry and composing. 


Define Language Texm 


This activity defines a term - a main language entity reflecting a 
domain specific semantic atom. Tenn definition includes, for 
example, name, mapping to UML meta class, and set of custom 
properties. Temis and relationships, as defined in a Language, 
1 constitute the main buildmg hlocks at modeling time. 
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Activity 



Description 



This activity, for example, defines the recommended modeling 
process deemed to answer organization needs or objectives. These 
definitions include, for example. Activities. Transitions, Artifacts. 
Progress Criteria, process sensitive helps and wizards. In 
conjunction with constraints, these definitions constitute a basis for 
automatic process mentoring at modeling time. 



Define Modeling 
Process 



Define Relationship 



Define Transformation 



This activity defines the relationship between two language terms. 
Relationship definition includes, for exaxaple, name, mapping to 
UML mechanism (association, attribute-class, element-padcage). as 
well as defeults for standard properties and a set of extended 
properties. Relationships and corresponding tenns, as defined in a 
Language, constitute ih e main building blocta at modeling time. 
This activity defines a Transformation Scheme aUowing either 
extension of existing model entities by additional properties or 
creation of new model entities corresponding to existing ones. These 
definiti^ons enable automatic model ttansformati.ons at modeling 
time. 
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Imijort Langnage 

In accordance with some embodiments of the invention, an exemplary Use Case allows 
importing existing lang^age resources into the language under construction. For first time, the 
resource may be included into newly created Language paclcage. If the resource is represented in 
the constructed language, it may be re-imported into existing package with analysis of impacts 
and updating of dependent definitions. 



Import Languaga Activity 




\ 

^ /^s. Language Package Has Bean 

Updated/Created 

Fig. 7. Import Languages Activity Diagram in accordance with an exemplary embodiment of the 
invention 
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Activity 


Description 


Load Language 


This activity loads definitions of the existing language. 




Activity 


Description 


Build Language 
iPackage 


This activity builds a new language package contaioing substaatially 
alllanguage definitions. 


Impact On Existing 
Definitions 


This activity checks impact of the language package on the rest of 
the language definitions. 


Update Language 
Package 


This activity updates an existing language package with 
substantially all contained language defmitions. 


Update Related 
Definition 


This activity iipdates dependent language definitions. 



Inquire Languages 

In accordance with some embodiments of the invention, an exemplary Use Case allows, for 
example, browsing of available language resoturces, viewing of the resource info, and selection 
of the resource to be imported into the newly created language. 
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1 



Inquery Existing Languages 



[Detall \n&tH 



[AdoptecQ 



[SuHable?] 




[Yes] 



[No] 



Fig. 8. Mquiiy Language Activity Diagram in accordance mth an exemplary embodiment of 
the invention 



Activity 


DescriptioKi 


Add To Composition 
List 


This activity adds the resources to composition list, 


Select Language 


This activity selects available language resources. 


Show Available 
Languages 


This activity allows browsing of language resources available. 


Show Language 
Details 


This activity e^qposes language info of the selected language 
resotirce. 
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ConstralntEditor 
I ConflgurationManager a 



ActionEditor 




ImpadAnalyzer 



ModelMerger 



Propeily&ispectDr 



Fig. 9. Language 
invention 



ProcessMent3or ValidatlonManager 
Builder Implementation in accordance wifli an exemplaiy embodiment of the 



Components and fbeir Usage 



Constraint Editor allows editing of domain specmc language constraints. 



Action Editor allows editing of domain specific language actions . as well as supportmg 
fly definition of actions based on ter ms of a pre-built Meta Mo deling Language . 



Generator transfomis language definit ions into output artifacts: Language Detminons 
Language UML profiles, and DDL scripts for Metadata Database. 
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Components and their Usage 



Documenter generates domain specific language documentation, based on tetnis of apte-biiilt 
Meta Modeling Language and using pre-built documentatian templates. 



Validation Manager utilizes constrain ts infoimation as defined in pre-built Meta Modeling 
Language to ensure consiste ncy and precision of domain specific language under construction. 
Action Executor performs actions as d efined in a pre-built Meta Modeling Language or 
constructed on-tbe-fly within the selected meta model scope. 



Process Mentor ensures recommended meta modeling process is executed as defined in a pre- 

biiilt Meta Modeling Language. 

Configuration Manager enables langua ge definitions and configuration information which may 

beusedto siq>portfhe la nguage building process. " 

Property Inspector attows viewing a nd editing of the extended properties ot language 
elements, as defined in a pre-built Meta Modeling Language 



Impact Analyzer performs analysis of impacts, for exan^le. if one or more parts of language 
definitions are changed or embedded languages have been re-imported. It utilizes Impact 
Analysis Scheme included in the pre-built Mtto Modeling Language. 



Model Merge r p^orms migration of language detamtions and/or language-based models if 
changed versions of embedded sub-languages have beenre-in^orted. 
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T .an pnafre Runtime 



la accotdaBce mfb some embodiments of the inveation. an exemplary Language Rimtime may 
include a MDA compKant modeling accessory which appUes a domain specific language - 
vocabulary and/or behavior, at modeling time. Language Runtime may be implemented, for 
example, as an Add-In for a generic modeling tool. It extends the modeling tool fimctionahty by 
interpretation of additional knowledge, provided by the language definitions, for example: 
_ viewing and editing of domain specific properties; 

- execution of custom actions; 

- semantic model validation; 

- impact analysis and reporting; 

- merges and upgrades; 

- model-to-model transformations; 

- automatic model-driven estimations of costs, risks, and resources; 

- modeling process mentoring; 

- exchange with Metadata Database; 

- integration with MDA generation tools. 



istiiTmort Modeling 

m accordance with scnne exhbodimeats of the invention, an exemplary Use case defines a 
„„,deling process built on top of organization language definitions. The modeling process 
ii^ludes. for example, establishment of operational enviromnent, maintenance of extended 
properties, execution of actions, impact analysis, estimations, tiransfoimations, merges, 
validations, version control, as well as model upgmdes when nnderlymg language has been 
changed, and generation of docmnentation, XML files and model-driven artifacts. 
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Fig- 10. SupportModelmgActivityDiagrammaccordancevd&an exempt 



the invention 
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Activity 


Description 


Complete Model 


Expands existing model using expansion templates and defaults 
defined as part of a domain specific language. 


Configure Operational 
Environment 


Results in, for example, definitions of settings, directories, de&ults, 
etc. 


Execute Action 


Incarnates substantially every action, defined in the domain specific 
language definition phase, at modeling tune and allows user, for 
example: 

- to perform customized CRtlDL (Create, Read, Update, Delete, 

List) operations; 

- to query model and to obtain on line reports; 

- to create views as pre-defined UML diagrams. 


Generate 
Docxmientation 


Generates model docnmeatation, using (or combining) existing 
standards, for example: HUNT, RAS, etc. 


Generate XMI 


Saves the model as standard XMI file extended by language related 
properties. 


Load Language 
Definitions 


Loads previously made language definitions firom the persistent 
storage. Primary storage may include, for exanqile, a language 
XML file, while in advanced cases it may include MOF compliant 
repository for language definitions. 


Maintain Properties 


Allows viewing and editing of extended model properties, as 
defined in domain specific language, including, for example, strong 
properties typing, logical grouping, look ups, etc. 


Mentor Modeling 
Process 


Performs customized modeling process mentoring, for example: 
step-by-step wizards, next step prompts, estimation of modeling 
progress, working point sensitive helps, etc. Mentoring may affect, 
for example, substantially all activities involved in the modeling 
process. 
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Activity 


Description 


Merge Models 


Performs models merging, for example, based on one or more 
schemas defined in domain specific language. 


Pass Definitioiis To 
Generator 


Generates tangible artifacts firom the model, for example: scripts, 
codes, helps, etc. 


Perfonn Costs and 
Resources Estimation 


Allows invocation of estimation procedures, defined in a domain 
specific language, and to obtain corresponding online reports. 


Perform Impact 
Analysis 


Allows invocation of impact analysis procedures, defined in a 
domain specific language, and to obtain corresponding online 
reports. 


Transform Model 


Performs model-to-model transformations, for example, as defined 
in a domain specific language. 


Upgrade Model 


Upgrades an existing model reflecting changes made in language 
definitions. 


Validate Model 


Checks the model to ensure, for example, its well foxmedness and 
correspondence to language definitions. The validation rules may be 
defined as constraints inside the customer modeling language. 
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Moderrransformer 



ValidationManager 




ConstraintEdltor 



ProcessMentor 



PropeiiylnspectDr 



Fig. 11. Language 
the inventioii 



Generator BternalAdapter 
Runtime Implementation in accordance with an exemplary embodiment of 
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Companents and their Usage 



Action Editor a Hows <m-ihfi-fLy d efin ition of cust om actions based on language tenns. 
Generator allows &q?(xct of domain i 



Kxtemal Adapter enables integration with 3rd party MDA generators. 



Validation Manager utilizes constra ints infoimation defined in a language to ensure, for 
exaiiq,le. model consistency and precision. It may validate the whole model or a selected part 
of it. and may report substantially all inconsistencies found. 



Action Executor performs actions, ib r example, as they are defined in a language or 
constructed on-the-fly within the selected model scope. 



Model Transformer performs model ex pansions and transtbrmations accordmg to one or more 
transformation schemas define d in a language. 

Model Merger supports merges of domain specific models as well as uj 
when the underlying language was changed. 



Configuration Manager provides langu age definitions and configuration inlbrmation which 



may be used to support domain specific modeling. 



impact Analyzer allows automatic i mpact analysis and reporting based on a special sub- 
language designed for impact analysis purposes. 



Tr.tim..tnr aUows model-driven estimations of costs, resources, and risks. 



Process Mentor ensures recommen ded modeling process as defined in a language, for 
example: checks model status, detects and warns about conflicts, proposes activities to be 
performed, estimates percent age of tasks execution. 

Property Inspector allows viewing and editing of the extended properties, as defined m 
specific language, indudmg. for exanq,le. lo^cal grouping of properties, strong type mpport, 
di^rent kinds of lookups, appropriate presentation and editing controls, and just-in-time 
validations 



villain 



rnn^tr^ints Editor attows on-fly defi nition of consttaints to particular model elements. 
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m ffft Metadata Database 

m accordance with some embodiments of the invention, an exemplaxy Language Metadata 
Database may include a MDA compliant metadata repository which may provide persistence to 
domain specific meta models and/or models themselves. Language Metadata Database maps 
models to relational tables and can be implemented, for example, using a SQL Database 
Server or other suitable database fonnats. Language Metadata Database provides, for exaii5»le. 
MOF compHant interfaces to stored entities. In order to support a domain specific language or 
model without a previous knowledge about its structure, the Language Metadata Database may 
implement the MOF reflective interfaces - a set of generic interfeces based on common UML 
terms and allowing step-by-step - self-explanation of meta structures at runtime. In some 

embodiments. Language Metadata Database may si^ort data maintenance functionahly for 

stored metadata entries, as well as XMI inqjort/export 

Access M ***** T>«finitiniis 

In accordance with some embodiments of tiie invention, an exemplary Use Case allows ^ 
accessing of meta data stored hx repository, for example: establishing of comxection. inquiring of 
meta data, discovering of meta data structure, selection of meta data, perfoimmg CRUDL 
(Create. Read, Update, Delete. List) operations on meta data entities as weU as meta data 
transformations and XMI exchange. 
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Access Meta Data 




Fig. 12. Access Meta Definitions Activity Diagram in acconiance vdth an exemplary 
embodimirait of the invention 
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Activity 


Description 


Query Meta Model 


Allows to inquiiy meta models stored in repository. 


Create Meta Model 
Storage 


Builds meta data storage including, for example^ meta definitions, 
mapping to relational structures and population of meta data. 


Discover Meta Model 
Structure 


Discovers meta model structure, for exarnple, using MOF reflective 
inter&ces* 


Establish Ccnmection 


Establishes connectioii with -Qie repository* 


Exchaage Meta Model 


Performs XMI import/export of meta data. 


Maiatain Meta Data 


Allows CRUDL (Create, Read, Update, Delete, List) operations on 
meta model entities. 


Select Meta Model 


Allows selection of meta model section. 
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Exemnlarv rnmpone" ^^ TmnlBineiitation 






ImportExport 



BO 



Fig. 13. Language Metadata Database Implementation in accordance with an exenq»laiy 
embodinoent of tiie invention 



Components and their Usage 



Import/ExpQrt supports XMI exchange. 



BO provides basic persistence functionality. 



Some embodiments of the invention may be implemented by software, by hardware, or by any 
combination of software and/or hardware as may be suitable for specific appUcations or in 
accordance wifli specific design reqvurements. 

Embodiments of the invention may include units and/or sub-units, which may be separate of 
each other or combined together, in whole or in part, and may be inq>lemented usmg specific, 
multi-purpose or general processors or controllers, or devices as are known in the art 
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Some embodiments of the invention may include buffers, registers, staclcs, storage imits and/or 
memory units, for temporary or long-term storage of data or in order to facilitate the operation of 
a specific embodiment. 

Some embodiments of the invention may be implemented, for example, using a machine- 
readable medium or article which may store an instruction or a set of instructions that, if 
executed by a machine, for example, by computing station or a processor, or by other siutable 
machines, cause the machine to perform a method and/or operations in accordance with 
embodiments of the invention. Such machine may include, for example, any suitable processing 
platform, computing platform, computing device, processing device, computing system, 
processing system, computer, processor, or the like, and may be iz^plemented using any suitable 
combination of hardware and/or software. The machine-readable medium or article may include, 
for exanq}le, any suitable type of memory unit, memory device, memory article, memory 
medium, storage device, storage article, storage medium and/or storage urut, for example, 
memory, removable or non-removable media, erasable or non-erasable media, writeable or re- 
writeable media, digital or analog media, hard disk, floppy disk. Compact Disk Read Only 
Memory (CD-ROM), Compact Disk Recordable (CD-R), Compact Disk Re-Writeable (CD- 
RW), optical disk, magnetic media, various types of Digital Versatile Disks (DVDs), a tape, a 
cassette, or the like. The instructions may include any suitable type of code, for exanqile, source 
code, compiled code, interpreted code, executable code, static code, dynamic code, or the Uke, 
and may be implemented using any suitable higji-level, low-level, object-oriented, visual, 
compiled and/or interpreted programming laaguage, e.g,, C, C-H-, Java, BASIC, Pascal, Fortran, 
Cobol, assembly language, machine code, or the like. 

While certam features of the invention have been illustrated and described herein, many 
modifications, substitutions, changes, and equivalents may occur to those skilled in the art. It is, 
therefore, to be understood that the appended claitns are intended to cover all such modifications 
and changes as fall within the true spirit of the invention. 
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CLAIMS 



What is claimed is: 

1. A device substantiaUy as described in any . part of the specification and/or as 
illustrated in any of the drawings. 

2. A system substantiaUy as described in any part of the specification and/or as 
illustrated in any of the drawings 

3. A method substantially as described in any part of Ihe specification and/or as 
illustrated in any of tiie drawings. 
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